Abstract: Cold injuries are very common among the troops deployed in high altitude regions. Now days, it is also seen among the civilian populations like mountaineers and winter sportspersons. There is no definitive treatment protocol available for this entity. In this study, 234 patients of various degrees of cold injuries were treated with a standard protocol of multidrug therapy with a view to combat the effects of cold injury at various steps of pathogenesis. Deep frost bite cases were subjected to Hyperbaric Oxygen therapy (HBOT). An encouraging result was found in our study with this protocol. There was less morbidity. Healing time, hospital stay and loss of digits were less. Multidrug therapy with Pentoxyphylline, Ibuprofen and soluble aspirin was a better treatment modality than single drug used in the treatment of cold injuries. HBOT was found to reduce morbidity to a great extent along with saving a number of digits from amputation.
INTRODUCTION
Deleterious effects of extreme cold are inherent in the atmospheric environment at high altitude. Cold injuries pose a major health hazard and serious medical problem for Armed Forces deployed in high altitude and snowbound areas and is responsible for the loss of fingers and toes in large number. Civilian population like mountaineers and persons involved in winter sports are also found to suffer from cold injuries often. Frostbite is produced on exposure to freezing temperature or even a brief exposure to severely cold and windy environment. It is believed to occur due to direct freezing effect of cold and partly due to anoxia resulting from circulatory insufficiency.
There are a number of treatment protocols available worldwide with ambiguous results for the management of cold injuries, particularly for frostbites. In this prospective study, 234 patients suffering from various types of cold injuries in high altitude areas of Himalayan region were studied. The period of study was over 02 years. Types of cold injuries, etiopathogenesis and clinical presentations were studied in details. A standard treatment protocol was devised and the results were analyzed. Follow up was carried out to study the post treatment sequel of different types of cold injuries for a period of 05 years.
MATERIALS & METHODS
234 cases of cold injury cases were studied over a period of 02 years (January 2000 to December 2001 among the troops deployed in the altitude ranging from 9000 ft to 22,000 ft at an average temperature of -30°C to -60°C (-100°C in the crevasses) in Himalayan range. A standard treatment protocol was offered to the patients irrespective of age group as follows. All the cases were followed up for a period of 5 years.
1.
Hospitalization to all cases. 
3.
Specific Treatment -A combination regime was planned in form of Pentoxyphylline (400 mg tid for 4 to 6 weeks), Ibuprofen (400 mg tid for 2 weeks) and soluble Aspirin (75 mg once daily for 4 to 6 weeks).
5.
Supportive treatment-(a). Prophylactic Antibiotics -Ciprofloxacin 500mg.twice daily for 10 days.
(b). Tetanus prophylaxis.
6.
Surgical interventions-(a). Escharotomy to prevent impaired circulation or movement.
(b). Fasciotomy for Compartmental syndrome due to extensive edema.
(c). Debridement & Reconstruction.
-Early debridement to control infection & for early prediction of non viability.
-Amputation after 4 th week or after line of demarcation -Skin grafting as required.
7.
Post Treatment Schedule -(a). Convalescence in warm climate for 4 to 6 weeks.
(b). Follow up after 6 weeks, 6 months and then yearly.
(c). Health education for prevention of cold injury.
OBSERVATIONS & RESULTS

Age Distribution
Out of 234 cases under study, 161 cases were between age group of 21 to 30 years of age. Details of age distribution are given in Table 1 . 
Types of Cold Injuries
Depending on the severity, cold injuries seen in our series, presented in the following clinical forms.
(a). Frost Nip
This is the mildest form. There is only pallor & numbness. There were no frost nip cases in our series.
(b). Chilblain
These are localized lesions arising as a result of an abnormal reaction to cold. The hands and feet are usually involved. There may be intense irritation and pain and the tips of the fingers and toes may become red or cyanotic. Sometimes there are severe symptoms but no signs. 23 cases of chill blain (09.82%) were seen in our series.
(c). Frostbite
There are four degrees of Frostbite seen according to their severity. First & second degrees are grouped as superficial lesions, whereas third & fourth degrees are grouped under deep lesions. 211 cases (90.17%) of different degrees of frost bite were found in our study (details as per Table 2 ). 
First Degree
This consists of edema and redness of the part without necrosis. If further freezing is arrested, it resolves fully. A cold sensitivity may be expected for a few weeks after recovery.
Second Degree
It is characterized by involvement of partial thickness of skin with formation of blisters. An eschar forms in 2-3 weeks which separates in about 4 weeks revealing poorly keratinized skin. Late sequel of this degree of frostbite is paraesthesia, tingling pain, hyperhidrosis and reactive vasodilatation.
Third Degree
There is complete necrosis of the skin. To begin with the part appears lifeless and pale with no sensation. Pain and swelling appear after a few hours. A thick gangrenous eschar forms in about two weeks. Healing takes place by granulation. There is inevitably some loss of tissues.
Fourth Degree
This involves entire thickness of skin and varying depth of deeper tissues. Individual may have a complete loss of toes, fingers, hand or foot. Demarcation between dead and living tissues takes about one month and spontaneous amputation is usual another two weeks. 
Recovery Period
We achieved a very encouraging result with our treatment protocol. The recovery was satisfactory. The average recovery period observed was as follows.
Chilblain & First degree Frostbite -2 weeks.
Second degree Frostbite -03 weeks.
Third degree Frostbite -4.5 weeks (3.5 weeks with HBOT).
Fourth degree Frostbite -06 weeks (4.5 weeks with HBOT).
Surgery
Minor surgery was required in 35 cases of III degree frostbite cases in form of debridement & split skin graft in 05 cases. All five cases of IV degree frostbite cases required amputation of affected parts of the digits only. These 5 cases had presented with gangrene of the digits at the time of admission in the hospital.
Mortality
There was no mortality in our series.
Late Sequelae
All our patients were followed up for an average period of 05 years. I degree frost bite cases did not show any late sequelae. The following late sequelae were found in II and higher degree frost bite cases.
(a). Discoloration
Approximately 30% of patients especially with II degree frostbite and higher were left with mild cyanotic discoloration of the part affected. This was usually a hypo pigmentation, which subsided within few months without any adverse effects.
(b). Pain, Hyperesthesia & Cold Sensitivity
About 50% patients with II degree frostbite and higher kept suffering from pain, hypersensitivity and burning sensation even a few months ( average period of 12 months) after the occurrence of frostbite. This was aggravated following exposure to cold weather. In 10% of patients the symptoms were severe and requiring intermittent analgesia, especially during winter. All these symptoms lasted for maximum 02 years. However, 03 (6.3%) cases of III degree and 01 (20%) case of IV degree frost bite cases (kept on complaining of cold sensitivity only during winter season, even at the end of 5 years of follow up.
DISCUSSION
There is no definitive plan of treatment for cold injury available at present. However, certain general principles like rewarming are well accepted in all the centres. Important concepts of treatment protocol used in this study are discussed below,
Rewarming
The current practice in hospital management of frostbite is largely based on the work of McCauley and Heggers, and so many other units' protocols [1] [2] [3] [4] . Earlier days, rapid rewarming of the affected part was thought to be harmful for the patients [5] . However, Entin and Baxter, in their study concluded that rewarming should be done at the temperature of 40 0 [6] . It should be kept in mind that rewarming should be done only after the hospitalization. During evacuation of the patient to the hospital, thawing of the affected part should not be done. Even, rubbing of the part with a pair of warm hand is also not advocated as it may cause undesirable trauma [7, 8] . Rewarming at the temperature of 40°C to 42°C is generally accepted [1, [8] [9] [10] . Our protocol was to rewarm the affected part in a water bath at the temperature of 40 + 2°C, for a period of 30 minutes on arrival in the hospital followed by twice daily for a period of 2 to 4 weeks.
Multidrug Regime
Our mainstay of the treatment protocol was multidrug regime to combat the adverse effects of cold injury at various steps in its pathogenesis. A combination regime was offered in form of Pentoxyphylline (400 mg tid for 4 to 6 weeks), Ibuprofen (400 mg tid for 2 weeks) and soluble Aspirin (75 mg once daily for 4 to 6 weeks).
Pentoxyphylline, a dimethyl xanthine derivative, is effective in increasing blood flow by acting as a hemorrheological agent and altering the pliability of the RBC membrane. Pentoxyphylline increases RBC flexibility, permits easier vascularization, and has multiple actions in tissue survival. With these properties, it helps during both the phases i.e. phase-1(cooling) and phase-2(thawing & rewarming) in the pathogenesis of cold injury. In our protocol, we used Pentoxyphylline in dosage of 400mg thrice daily orally for a period of 4 to 6 weeks.
Earlier, aspirin has been given as a systemic antithromboxane agent in cold injury cases [4, 10, 11] . However, the correct dosage schedule of aspirin for thromboxane inhibition is controversial [9] . Subsequently, Ibuprofen was used for its antithromboxane properties instead of aspirin [8, 12, 13] . McCauley et al. in their protocol used Ibuprofen 400mg orally 12 hourly [4] . In our protocol, we used Ibuprofen in the dosage of 400mg orally thrice daily for a period of 2 weeks. This antithromboxane property of Ibuprofen prevents Prostaglandin F2a and Thromboxane A2 production in post rewarming stage in phase-2.
In our study protocol, we routinely offered soluble aspirin 75mg per day as single dose for 4 to 6 weeks. Aspirin helps in both cooling and rewarming phases in preventing RBC, WBC and platelet aggregation.
Hyperbaric Oxygen Therapy (HBOT)
We had subjected all the deep Frostbite cases to HBOT. It works on the principle of raising the pressure in the chamber to simulate sea level pressures and above. In addition, patients are given oxygen inside the chamber. Increased partial pressure of oxygen with increased diffusion into the tissues helps to promote healing. The effect of HBOT on damaged tissues is complex.
HBOT diminishes micro-organism proliferation, activates antimicrobial agents, activates the immune system and significantly improves PO 2 in reversibly damaged peripheral tissues [14, 15] . An encouraging result was seen in these patients. A number of patients with severe III and IV degree frost bite who would have otherwise lost part of their fingers and toes on routine symptomatic treatment could be saved and escaped without major amputation and minimal surgical intervention with HBOT. All the 47 cases of III and 5 cases of IV degree cases were subjected to HBOT. 35 cases of III & all the IV degree cases required only minor surgery like debridement / digital amputation respectively. Hospitalization period was reduced by 1 -1.5 weeks (as compared to other cases, who could not avail HBOT) & the healing was rapid. Hyperbaric Oxygen therapy has been studied by a number of authors. 10 Slovenian expedition mountain climbers were diagnosed and treated in Slovenj Gradec General hospital. Patients treated with HBOT did not require any amputation [16] . Brian F. McCrary et al, found out beneficial outcome using HBOT in delayed frost bite cases [17] .
Other Supportive Treatments
All our patients received supportive treatment in form of local antibiotic dressings, oral antibiotic therapy, analgesics, limb elevation and tetanus prophylaxis. Cold injury is considered as tetanus prone; hence prophylaxis is indicated in every case [7, 8, 13] .
Khurmani is abundantly available in Ladakh sector of Himalayan region. Its oil extract is well known for its soothing action, as it is used abundantly by the local population. We tried it in local treatment of frostbite & chilblain cases with good results. It definitely helped in ameliorating the symptoms to a great extent.
Surgery
Surgery should be delayed as far as possible. It has been described in literature as has also been observed in our study that the lesions should be given adequate time to heal. Surgical debridement is normally reserved for the late treatment of frostbite [9] . None of our cases required escharotomy or fasciotomy. These procedures are indicated in impaired circulation and compartment syndrome [4, 8] .
Especially with HBOT, it was noticed that the line of demarcation moved more and more distal to the extent that lesions that were assessed to be III degree in the initial assessment healed completely or required minimal surgery. Hence surgery was undertaken when the final line of demarcation was established and there was no scope of further improvement. The average time span between admission and surgery was 04 weeks. In our case only 35 cases of III degree and 5 cases of IV degree cases required minor surgery in form of debridement / split skin graft & digital amputation respectively.
CONCLUSION
Human adaptation to cold is minimal. Early recognition and prompt treatment at each level of medical attendance is of paramount importance in the management of cold injuries. The treatment protocol with multidrug regime followed in this study was proved to be effective in the management of all degrees of cold injuries found in High altitude areas reducing morbidity and mortality and saving the limbs. Use of HBOT in deep frost bite cases definitely reduces morbidity and loss of digits. However, proper clothing and equipments along with adequate preventive measures are required to avoid cold injuries among the troops deployed in the High altitude areas as well as for the mountaineers and persons involved with winter sports.
